The purpose of the study was to determine what effect modifications to American Heart Association (AHA) guidelines produce when taking blood pressures with an automatic device. Eight blood pressure measurements were taken at least 2 minutes apart; two with standard AHA guidelines and six with modifications. Findings of this study suggest tbat elevation of the arm can have a significant effect on both the systolic and dlas-
B lood pressure is a physiologic parameter reflecting the function of the cardiovascular system and the force exerted on arterial walls by blood flow. This dynamic process results from homeostatic mechanisms that adjust blood flow to meet tissue needs for oxygen and nutrients. Occupational health nurses often measure blood pressure often in a variety of settings. Assessment data related to an individual's hemodynamics may be an important factor in making decisions about care. Most measurements are performed by indirect, noninvasive techniques. Automatic or electronic blood pressure devices are frequently used to increase efficiency (Bryan, 1989) .
Indirect blood pressure measurement often is seen as a "routine" procedure with little attention paid to performing it according to established guidelines. The American Heart Association (AHA) guidelines were developed to promote consistent techniques believed to provide more accurate and reproducible measurements. Although recommended techniques are described in the literature and generally taught to persons responsible for blood pressure measurement, there are wide variations in actual practice. McKay (1992) had 48 interns and first year family practice residents measure blood pressure on a nor->: motensive male. The researchers concluded that the recommendations of the AHAwere-follewed--less than half the time. The amount of error in measurement created by variations is generally unknown, but error in blood pressure readings can have significant consequences for clients and health care providers. Occupational health nurses often take blood pressures on relatively healthy individuals during screenings and routine care. The majority of the subjects are seated and wearing clothing that may not be conveniently removed. Does the height of the arm really matter? Can blood pressures be accurately taken over clothing? Does talking make a difference with automatic blood pressure readings? The purpose of this study was to determine whether selected, common modifications to AHA recommended techniques cause significant error for indirect blood pressure measurement using an automatic device.
The investigation was based on the following assumptions:
• Compliance with AHA recommended techniques lead to accuracy in indirect blood pressure measurement, • Error in measurement can have significant consequences in terms of diagnosis and management of hypertension or low blood pressure states, • Although many medications can increase or decrease overall blood pressure, those changes would remain constant during the estimated 20-30 minutes required for the study, and • Conducting the measurements in a controlled environment limits the effect of extraneous variables.
LITERATURE REVIEW AHA Guidelines
In an effort to reduce measurement variability, the AHA established standards for indirect blood pressure measurement. Standards were developed by committees whose reports were published in 1939,1951, 1967, 1980, 1988, and 1993 . The 1993 report by Perloff included the following recommendations for equipment, subject's environment, characteristics, position, and observer's characteristics and technique when automatic oscillometric machines are used.
Equipment
Automatic oscillometric machines provide indirect measurement of blood pressure using a cuff without a removable bladder attached to a manometer. The bladder width should be 40% of the circumference of the upper arm's midpoint and the length should be 80% of the circumference of the arm. The cuff bladder needs to encircle 80% of the arm in adults and 100% of the arm in children <13 years old. Availability of several cuff sizes is recommended.
SubJect's Environment, Characteristics, and Position
The environment needs to be quiet and not excessively hot or cold. The subjects are recommended to:
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• Avoid smoking, strenuous exercise, and caffeinated beverages for 30 minutes prior to measurement, • Empty their urinary bladders, • Avoid anxiety, • Rest for 5 minutes, and • Assume a seated position, with the designated arm supported at heart level, the back supported, and the feet flat on the floor.
Observerffechnlque
For automatic electronic measurement, recommendations are that the observer palpates the brachial artery and places the cuff snugly over the bare upper arm, so the midline of the bladder is over the arterial pulsation and the lower edge of the cuff is I" above the antecubital fossa. The device automatically inflates and deflates, then provides a digital readout of blood pressure and pulse. Guidelines are also published by the American Society of Hypertension (1992) and the Association for the Advancement of Medical Instrumentation (White, 1993) . The guidelines do not contradict each other in relation to measurements using automatic electronic machines.
Prior Studies on Errorof Measurement
Most of the previous research has been conducted with auscultated blood pressure readings. Some of the research is also relevant to the use of an automatic blood pressure device.
Equipment
Numerous authorities agree cufflbladder size in relation to arm size is an important variable and using a too wide cuff bladder underestimates blood pressure while a narrow bladder overestimates blood pressure (Bailey, 1993; Burch, 1973; Geddes, 1978; Manning, 1983; Nuessle, 1956; Sprafka, 1991) . Geddes (1978) emphasized the importance of the size of the cufflbladder, especially the width in proportion to the size of the arm in which blood pressure is being measured. The study recommended a cuff width of about 40% of arm circumference. In addition, the length of the bladder should half encircle the arm.
Subject
.
Studies indicate that factors related to the subjects' environment, activity, and body positions influence the accuracy of indirect blood pressure measurement. Webb (1992) found that a cold room environment increased diastolic blood pressure. Several researchers reported auscultated blood pressure readings are elevated by the subject talking during measurement (Hellman, 1984; Lynch, 1981; Thomas, 1984; Webb, 1992) .
A study of the effect of clothing on blood pressure using automatic machines found no statistically significant difference in blood pressure readings between bare arms and sleeved arms (Holleman, 1993) . The sleeves tested were "cotton-polyester blend dress shirt" and "the shirt, plus an acrylic lightweight sweater" (Holleman, 1993) . 
Relationships Among Variables Shown by Tukey Multiple Comparison Procedure
Variables connected by the same underline are not statistically different from each other.
"At an experiment-wise error rate of .05, method 5 DBP is significantly less than methods 1, 2, 3, 4, 6, 7, and 8. Methods 1, 2, 3, 4, and 8 are each significantly less than each of methods 6 and 7. tAt an experiment wise error rate of .05, method 5 SBP is significantly less than methods 1, 2, 3, 4, 6, 7, and 8. Method 4 is significantly less than each of methods 1, 2, 6, and 7. Methods 3 and 8 are each significantly less than each of methods 1, 6, and 7.
Mitchell (1964) took pressures on 139 male subjects with the arm extended out to the side and the lower arm supported in a metal trough. The height of the antecubital space was varied from level with the sternomanubrial junction, fourth intercostal space at the sternum, or the xiphisternal junction for each of the three blood pressure readings. Consistently higher readings were obtained for both the systolic and diastolic pressures as the height of the arm was lowered. The overall difference in readings from the highest to the lowest positions showed about 10 mm Hg difference, which may seem insignificant. However, this can represent the difference between the normotensive and hypertensive definitions in common use (Mitchell, 1964) .
METHODS

Subjects
A convenience sample of university nursing students and faculty was recruited through posters and announcements in classes. A minimum of 60 subjects was desired. Subjects were informed about the purpose and participation requirements when recruited for the study. The subjects were asked to refrain from exercising, drinking caffeinated beverages, and smoking for at least 30 minutes prior to reporting for their appointments. Subjects were requested to wear garments with loose, short sleeves, and empty their bladder before appointments. Two faculty members' private offices were used for the data collection sites and interruptions were avoided. Room temperature was reported by the subjects as comfortable at the time 5 4 8 3 2 7 6 Nuessle (1956) studied differences in auscultated blood pressure when the cuff was applied loosely. He checked blood pressure on 100 persons with the cuff first snug and then loosened 3.1 em, He found an increase in both systolic and diastolic reading with a loose cuff. In 94 instances, the mean systolic pressure was increased 8.1 mm Hg and the mean diastolic pressure was increased 9.3 mm Hg. The effect was higher in people of heavier build with large arms. Webb (1992) reported that muscle tightening from anxiety or poor posture increased diastolic pressure. Cushman (1990) found similar results with lack of back support by having subjects seated on an examining table rather than in a chair.
Some studies investigated the effect of arm position. Results indicated that arm positions above or below heart level yield significantly different auscultated blood pressure measurements compared to measurements done with the arm at heart level. More specifically, arm positions above heart level yield lower readings and arm positions below heart level yield higher readings (Mitchell, 1964; Webster, 1984) . A standard position for the forearm level with the fourth intercostal space at the sternum is recommended for bloodpressure recording (Mitchell, 1964; White, 1987) . the blood pressure readings were obtained. Consent forms were completed by the volunteers during the first 5 minutes of the appointment before blood pressures were obtained. Subjects were given the option of withdrawing from the study, at any time, although no one withdrew. Two subjects, one student and one faculty, were excluded due to hypertensive readings on one or more baseline blood pressures.
The final sample included 62 volunteer students (49) and faculty (13) who were normotensive, taking no blood pressure altering drugs, and whose arm circumference was within the parameters of the standard cuff. Of the 62 volunteers, 55 were females and 7 were males. The age range was from 19 to 57 years with an average age of 36.2 years. The data were collected from April 16, 1996 through February 13, 1997. Recruitment of subjects was easy initially; however, school schedules and uncomfortable room temperatures interfered with later appointments. Therefore, 26 volunteers were tested in April, 19 in May/June, 5 in August/September, 7 in October/November, and 5 in February. Measurements were taken from 8:00 am to 4:40 pm. Eighteen subjects came between 8:00 am to 10:50 am, 30 came in between 11:00 am to 12:55 pm, and 14 came in between 1:05 pm to 4:40 pm.
Method
Automatic indirect systolic and diastolic blood pressure readings were obtained with the IVAC Vital Check Model 4200. The manufacturer reports accuracy as meeting the standards of the Association for the Advancement of Medical Instrumentation that use the manometer standards as a guide. Because the IVAC Vital Check Model 4200 has a memory for 20 blood pressure readings, all blood pressures were documented after the subject had completed the sequence. A single investigator took all readings on a given subject using the same machine for each pressure. To control for systolic or diastolic pressure elevations caused by frequent repetitions, blood pressure . readings were taken no sooner than every 2 minutes. Any subject questions related to the blood pressure were answered following the sequence of testing.
Baseline blood pressures were recorded at the beginning and end of the session using full compliance with AHA recommendations for automatic indirect measures. The lower arm was supported on a special stand developed by an occupational therapist. The arm in 50°of shoulder flexion as measured with a goniometer was considered the correct position to have the antecubital space level with the fourth intercostal space at the sternum. The degrees of shoulder flexion were used to maintain consistency between subjects in locating the correct height for the lower arm. These readings were interpreted as accurate readings of the subjects' blood pressure. The baseline method included: • A 5 minute rest period prior to first reading while the subjects completed consent form, • Upper arm exposed without restrictive clothing, • Cuff chosen appropriate for body size, • Cuff position 2.5 em above brachial artery,
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• Cuff bladder positioned over brachial artery, • Snug wrapping of the cuff, • Arm supported at heart level (50°shoulder flexion measured with a goniometer) on a special stand, • Subject seated in a straight back chair with feet flat on the floor, and • Cuff inflation to 150 mm Hg set as the initial cuff inflation point on the IVAC Vital Check 4200.
Six modifications from the baseline method changed aspects of the testing, one at a time. The first modification added a sweatshirt weight sleeve under the blood pressure cuff. The second was on a bare arm again but 2 em looser than the baseline pressures. When the cuff was loosened 3.1 em, as in the Nuessle (1956 ) study, the cuff slid down the arm. The third modification consisted of the cuff applied with the lower edge even with the antecubital space. The next two modifications were arm height positions measured as degrees of shoulder flexion for consistency of measurement, as recommended by an occupational therapist. The highest position, at the sternomanubial junction for the Mitchell (1964) study, was defined as 90°of shoulder flexion measured with a goniometer. The lowest position, at the xiphisternal junction for the Mitchell (1964) study, was defined as the upper arm in neutral position (parallel to the trunk with 0°of shoulder flexion). The last modification had the subject in the same position as baseline, but counting slowly out loud from 1 to 100. The baseline pressures at the beginning and end controlled for cumulative increase in pressure from repeated measures and lack of randomization. As a result of the modifications, the entire sequence included:
• Baseline blood pressure, • Cuff over sweatshirt sleeve, • Loose cuff (2 em looser than snug), • Cuff's lower edge even with the antecubital space, • At 90°of shoulder flexion (straight out from shoulder), • Arm at neutral shoulder flexion (down alongside trunk) • Talking during pressure reading, and • Baseline blood pressure.
StatIstIcal AnalysIs
Analysis of covariance was performed to determine whether the age of the subject, the time of day, or the month in which the measurement was taken had any effect on the baseline systolic and diastolic blood pressure readings. This was followed by a single factor repeated measures analysis of variance test (Ott, 1993) which tested whether the average blood pressure readings taken by the eight methods varied from each other (ie., two baseline and six modifications). This analysis was performed separately for the diastolic and systolic blood pressure readings. With an alpha level of .05 and 62 subjects, the single factor repeated measures analysis of variance test will have at least 87% power to detect a difference in average blood pressure readings taken via the eight procedures if the effect size is as small as .20 (Cohen, 1988) . The effect size is the standard deviation of the standardized means. An effect size of .20 implies that even if only 3.8% of the blood pressure readings total variance is accounted for by the different procedures used, this difference will be detected with at least 87% power. Cohen (1988) considered an effect size of .25 to be a medium effect size and an effect size of .10 to be a small effect size.
Both the diastolic and systolic analysis of variance tests were statistically significant. A Tukey's multiple comparison procedure (Ott, 1993) was performed at an experiment wise error rate of .05 to determine which of the blood pressure measurement methods differed statistically from each other. All of the statistical analyses were performed using the SAS statistical computer package (SAS Institute Inc., 1989) on a 4100 ALPHA computer. An alpha level of .05 was used to determine the significance of the tests.
RESULTS
Demographics
No significant differences in the average diastolic readings for the variables age, time of day, or month were found for either of the baseline diastolic blood pressure readings. For the initial baseline reading, Global F=.64, df=7, 54, and p=.720, and for the last baseline reading, Global F=0.80, df=7, 54, and p=.588. Thus, the volunteer's age, the time of day and the month in which the diastolic baseline blood pressure readings were taken had no significant effect on the readings themselves. Gender and employment (student/faculty) were not tested, as the groups were skewed to female and student.
Systolic baseline blood pressure reading results were less clear. While neither of the Global F tests were technically significant at the alpha level of .05 (for the baseline reading taken first, Global F=2.03, df=7, 54, and p=.067; for the baseline reading taken last, Global F=2.16, df=7, 54, and p=.052), there is at least a slight indication that the average systolic reading may differ for one or more of the variables age, time of day, or month. Upon further investigation, it was discovered that the only possible significant result is for the first baseline systolic blood pressure, the average of the readings taken in April is higher than the average of the readings taken in the May/June group. Differences between other month groupings were not significant. For all practical purposes, the volunteer's age, time of day, and month in which the baseline blood pressure readings were taken had no effect on the readings obtained for blood pressure.
Modifications In Technique
The main purpose of this investigation was to determine whether the average blood pressure readings taken via the eight procedures varied. The average pressures are shown in Table 1 . When the single factor repeated measures analysis of variance test was performed, there was a statistically significant difference in the average blood pressure readings. For the diastolic blood pressure readings, F=52.22, df=7, 427, and p=.OOOl. For the systolic blood pressure readings, F=33.59, df=7, 427, and p=.OOOl. A Tukey's multiple comparison procedure was then conducted to determine the relationship among various blood pressure methods (see Table 2 ).
The results of the Tukey multiple comparison procedure for the diastolic blood pressure readings were that procedure 5 (arm at 90°shoulder flexion, i.e., straight out at shoulder level) yielded a lower average diastolic reading than each of the other methods. In addition, methods 1 (initial baseline), 2 (over sweat shirt sleeve), 3 (loose cuff), 4 (even with antecubital space), and 8 (second baseline) each yielded lower average diastolic pressure readings than procedures 6 (neutral shoulder flexion, i.e., arm alongside trunk) and 7 (talking). No other statistically significant differences were found using an experiment wise error rate of .05. Because methods 1 and 8 were the baseline blood pressure readings (AHA guidelines) taken first and last respectively, and since they did not differ statistically, this means that procedure 5 (arm at 90°s houlder flexion, i.e., straight out at shoulder level) produced diastolic blood pressure readings that are too low, and procedure 6 (neutral shoulder flexion, i.e., arm alongside trunk) and 7 (talking) produced readings too high. No statistical evidence was found that procedures 2 (over sweat shirt sleeve), 3 (loose cuff), and 4 (even with antecubital space) produced readings that differed from the baseline procedures.
Once again, the results of the systolic blood pressure readings were less clear. The Tukey multiple comparison procedure for the systolic blood pressure readings concluded that method 5 yielded a lower average systolic reading than each of the other methods (see Table 2 ). In addition, method 4 yielded a lower average systolic reading than methods I, 2, 6, and 7. Also, methods 3 and 8 each yielded lower average systolic readings than each of methods I, 6, and 7. No other statistically significant differences were found using an experiment wise error rate of .05. This time the results were harder to interpret, as the last baseline blood pressure reading was statistically smaller than the first baseline systolic blood pressure reading. This may be due to "white coat syndrome" or the subjects' relief at the last blood pressure measurement. However, it is still the case that method 5 produced average systolic blood pressure readings that were too low. Other conclusions are unclear, as there was a statistically significant difference in the average systolic blood pressure for the first and last baseline readings.
DISCUSSION
The AHA has established standards to reduce the variability of indirect blood pressure measurement. Studies presented in the literature indicated that factors such as environment, activity, and body positions influence the accuracy of blood pressure measurement. In the present study, the environment was kept calm and comfortable, and the subjects were seated in a straight back chair with their feet on the floor and bladder empty to control these environmental effects. Limits on caffeine, activity, and smoking for at least 30 minutes before the study were to control for other extraneous variables.
This study disagreed with the findings of Nuessle (1956) , but expanded on the findings about clothing
What Does This Mean for Workplace Application?
Blood pressure values can be affected by the measurement technique used. Guidelines presented by the AHA can be helpful, but some are more important to follow than others. By following these easy steps, the accuracy of blood pressure readings can be enhanced. Particular attention needs to be focused on the following: • Seat subject in an upright chair with back support, • Place subject's feet flat on the floor, • Support arm with the antecubital space kept at the level of the right atrium, • Apply cuff snugly on a bare arm, 1" above the antecubital space is recommended. No significant problem may occur assessing the pressures when the cuff is loose, over clothing up to sweatshirt thickness, or with a lowercuff edge when the measurement is conducted with an automatic machine, • Discourage talking by either the subject or evaluator should be discouraged, and • Waitat least 2 minutes between pressure readings to prevent false elevations in blood pressure. (Holleman, 1993) . The cuff 2 em looser than appropriate, the cuff over a sweatshirt sleeve, and the cuff edge even with the antecubital did not show a statistically significant difference. It is possible the current statistical methods were unable to detect a variance if one existed. However, the power analysis indicated the difference is likely to be small and consequently may not be clinically significant. Care needs to be taken when measuring blood pressures, but these situations may not cause as severe problems in blood pressure measurement with an automatic device as when the blood pressure is auscultated.
The results agreed with studies reporting that arm positions above and below heart level cause a difference in blood pressure measurement (Mitchell, 1964; Webster, 1984) . The elevated position (90 0 of shoulder flexion) had both a lower systolic and diastolic pressure which is both statistically and clinically significant. Diastolic pressures higher than both of the baseline diastolic pressures were present when the arm was beside the trunk (00 shoulder flexion). The systolic pressure for this method was also statistically higher than the last baseline systolic value. It is unclear why the first baseline systolic value was even higher, but an elevated systolic at physician's office visits is generally called "white coat" syndrome (Sakuma, 1997) . Although all the subjects volunteered for the study, the prospect of having eight blood pressure readings in one sitting could have initially frightened 112 some of the subjects. Students entering a faculty office for the study also could have been stressful initially. Subjects' uncertainty about the study may have contributed to the higher values. What is clear is that the height of the arm does affect the blood pressure readings. Thus, care needs to be taken to keep the antecubital at heart level.
Initially the investigators thought talking only affected the ability to hear the auscultated blood pressure. The significantly increased diastolic pressure and the systolic higher than the last baseline data indicate talking without emotional content, has an effect on the blood pressure even when measured by automatic devices. It is recommended all persons involved in the blood pressure measurement remain quiet during the readings. Subjects had a tendency to want to talk when they heard anyone speak, even when it was just an explanation of what would happen next.
This sample was relatively small and predominantly female, but it did show a need for further study of this issue with larger samples and different populations. Recommendations for further research include larger community samples with equal numbers of men and women, hypertensive groups to see if the results continue to hold, and elderly groups to see if there is a change with age. It may not be practical to replicate the whole study at the worksite, but part of it could be tested during screenings. The effect of arm height or talking during blood pressure readings could easily be tested by occupational health nurses. The most helpful aspect to occupational health nurses may be testing the blood pressure measurement over different amounts of difficult to remove clothing. Blood pressure remains an important measurement to obtain accurately. Appreciation is extended to Pharm Net for a grant to purchase equipment and to IVAC for the use of the Vital Check Model 4200 machines.
